Objective Premature graying or whitening of the hair may possibly represent premature atherosclerotic changes as a surrogate marker of different host responses to cardiovascular risk factors (CVRFs). This study was undertaken to test whether carotid artery intima-media thickness (CIMT) as a validated surrogate marker of the severity and extent of coronary artery disease (CAD) is higher in subjects with prominent signs of hair whitening, independent of chronological age and other CVRFs. Methods The current study was conducted in young and middle-aged patients (<55 years age) without a history of cardiovascular disease. Two hundred and two eligible patients consecutively admitted to our outpatient clinic for CVRF management were included. A gray/white-hair scale was used to determine the percentage of hair whitening. Results In the groups determined according to the degree of hair whitening, age (p<0.001), waist circumference (p=0.011), the presence of hypertension (p=0.003), the uric acid levels (p=0.008), the C -reactive protein levels (p=0.002) and CIMT (p<0.001) were significantly different. When we performed multivariate analyses to determine the independent predictors of CIMT and hair whitening, CIMT was found to be related to age, waist circumference, the levels of uric acid, bilirubin and gamma-glutamyl transpeptidase, the presence of a family history of CAD and hair whitening, while hair whitening was found to be related to age, hypertension, the bilirubin level and CIMT. Conclusion Our findings suggest that premature hair whitening intensity is independently related to CIMT. In cumulative assessments of CVRFs on the human body, the presence of premature hair whitening may be useful in identifying individuals with an increased risk of cardiovascular disease.
Introduction
The incidences of both atherosclerotic vessel involvement and hair whitening increase with advancing age. Age is the most important and uncorrectable coronary risk factor at the moment. The concept of measuring aging biologically rather than chronologically may be important in clinical practice. pair initiates atherosclerotic inflammation and lesion formation in the vascular bed (1) .
Today, it is known that cardiovascular risk factors (CVRFs), especially occurring in combination, cause premature atherosclerosis. Assessing carotid intima-media thickness (CIMT) using B-Mode ultrasonography can be utilized to establish the extent and severity of coronary artery atherosclerosis (2) . Increases in CIMT are associated with increased numbers of cardiovascular risk factors (3) and cardiovascular events (4) . A number of large epidemiological studies, including the Atherosclerosis Risk in Communities (ARIC) Study, have reported significant increases in coronary artery disease (CAD) in association with high CIMT values.
The mammalian hair follicle represents a unique, highly regenerative system. Hair graying or whitening is an indicator of increased melanocyte dysfunction and apoptosis induced by oxidative stress, androgens, inflammatory processes and senescence of functioning cells in aging human hair follicles (5) (6) (7) (8) (9) (10) . All of these pathological microenvironments can be produced by CVRFs (11) , which can induce premature vascular aging and atherosclerosis. In prior studies, premature hair graying has also been reported to be associated with CVRFs (12) (13) (14) (15) , CAD and myocardial infarction (16) (17) (18) (19) (20) (21) (22) (23) .
This study was undertaken to test whether CIMT is higher in subjects with prominent signs of hair graying/whitening, independent of age and other established CVRFs.
Materials and Methods

Study population
This study had a cross-sectional observational design and was conducted in young and middle-aged men (<55 years age) at the cardiology clinic of the Rize Education and Research Hospital in Rize, Turkey. Two hundred and two eligible patients consecutively admitted to our outpatient clinic for CVRF management were included. In our outpatient clinic, cardiovascular risk factor management is primarily provided for patients with hypertension (HT), elevated serum total (and LDL) cholesterol levels, low serum highdensity lipoprotein (HDL) cholesterol levels, a history of cigarette smoking, a family history of CAD and/or diabetes mellitus (DM), obesity or a sedentary lifestyle, who are principally evaluated at internal medicine clinics in our institute. The patients were evaluated in terms of age, demographic characteristics and CVRFs. Baseline characteristics were recorded during interviews with the patients. Framingham risk scores (FRS) were calculated for all patients, as previously described (24) .
Informed consent was obtained from all patients prior to conducting the study. The study was performed in accordance with the principles stated in the Declaration of Helsinki and was approved by the Local Ethics Committee. Patients with a history of cerebrovascular disease or peripheral artery disease, as well as patients with a history of cardiovascular disease, were excluded.
Biochemical analyses
The fasting blood levels of glucose, urea, creatinine, Creactive protein ( CRP ) , uric acid, gammaglutamyltransferase (GGT), bilirubin, total cholesterol (TC), triglycerides, high-density lipoprotein cholesterol (HDL-C) and low-density lipoprotein cholesterol (LDL-C) and complete blood counts were analyzed using standard methods.
Vascular tests
Ultrasonography was performed on all patients using a high-resolution ultrasonography scanner (VingMed Vivid 3, GE Medical System, Horten, Norway) with a 7.0 MHz linear array transducer. Measurement of CIMT was based on The American Society of Echocardiography (ASE) 2008 Consensus Statement on Carotid Intima-Media Thickness, which defines CIMT as the combined thickness of the intimal and medial layers of the far-arterial wall of the carotid artery (25) .
Measurements were obtained for the right and left carotid arteries. A depth of 4 cm was used. In each exam, the sonographer used different scanning angles (anterior, lateral and posterior) to record the greatest intima-media thickness. On longitudinal B-mode images, the far wall of the common carotid artery appears as two bright, parallel lines separated by a hypoechoic space. The inner line arises from the lumen-intima interface, whereas the outer line arises from the media-adventitia interface. The distance between the lumen-intima and media-adventitia interfaces represents the intima-media thickness (26) . In the absence of identified plaque, the CIMT was manually measured within a 1-cm length from the far wall of the intended vessel section in the common carotid artery. All measurements were obtained from the same place to prevent confounding projection artifacts, and all ultrasonographic measurements were performed by the same sonographer, who was unaware of the study groups and design. The mean CIMT was calculated by averaging the measurements of CIMT at each of the three scanning angles (anterior, lateral and posterior) and three scan planes within a 10-mm length from both the right and left common carotid arteries (18 total measurements). By measuring in more than one direction and one scan plan, we provided better reproducibility than measuring in only one direction and one scan plan. To assess method reproducibility, 15 subjects were invited to return after one week for a repeat set of vascular measurements. The intra-observer mean absolute difference in measuring the common carotid intima-media thickness was 0.026 ±0.043 mm (coefficient of variation: 1.6%, intra-class correlation: 0.95).
According to the European Society of HypertensionEuropean Society of Cardiology (ESH/ESC) guidelines, a CIMT lower than 0.9 mm is considered to be normal, a CIMT equal to or higher than 0.9 mm, but lower than 1.3 is considered to indicate an increase and a CIMT higher than Figure 1 . A gray/white-hair scale was used to determine the percentage of hair whitening. Two experienced cardiologists who were totally blinded to the study details defined the percentage of white hairs in every subject using this scale (between 0% and 100%).
1.3 mm is defined as a plaque (27) .
The evaluation of hair whitening intensity
We used a gray/white-hair scale to determine the percentage of hair whitening (Fig. 1) . Due to the lack of a standardized scale to determine premature hair whitening in the current literature, we assessed this scale for reproducibility in the first 25 subjects. Two experienced cardiologists who were totally blinded to the study details defined the percentage of white hair in every subject using this scale (between 0% and 100%) in our outpatient clinic. The intra-observer and inter-observer variabilities for this method were 1.5% and 2%, respectively.
On presentation, to categorize the data, the hair whitening score (HWS) was defined according to the percentage of white hair (HWS 1 (Trace): <25%; HWS 2 (Mild): 25-50%; HWS 3 (Moderate): 50-75%: HWS 4 (Manifest): 75-100%: HWS 5 (Complete): 100%). Onset age of HW, family history of early hair whitening and the percentage of hair loss were also determined.
Statistical analysis
Continuous variables were presented as the mean ± SD, and categorical variables were defined as percentages. The data were tested for normal distribution using the Kolmogorov-Smirnov test. Student's t-test was used for the univariate analysis of continuous variables for normally distributed numerical variables, the Mann-Whitney U-test was used for non-normally distributed numerical variables and the χ2-test was used for categorical variables. Mean values among different groups were compared using analysis of variance (ANOVA). Regression analyses were performed to evaluate the relationships between CIMT and HWS and other CVRFs. All tests of significance were two-tailed. Statistical significance was defined as p <0.05. The Statistical Program for Social Sciences (SPSS for windows 20, Inc., Chicago, IL, USA) was used for all statistical calculations.
Results
The general characteristics of the patients are presented in Tables 1, 2 . Mean age (p<0.001), body mass index (p< 0.001), waist circumference (p=0.001), presence of HT (p< 0.001) and DM (p=0.002), family history of CAD (p= 0.003), the uric acid levels (p<0.001), LDL cholesterol (p= 0.003), CRP (p=0.009), GGT (p=0.006) and the percentage of white hair (p<0.001) were each significantly higher in the patients with increased CIMTs (! 0.9 mm) ( Table 1) . Inversely, the bilirubin levels were significantly lower in the patients with increased CIMTs (for all bilirubin subgroups, p <0.001).
On the other hand, in the groups determined according to HWS, only age (p<0.001), waist circumference (p=0.011), presence of HT (p=0.003), the uric acid levels (p=0.008), CRP (p=0.002) and CIMT (p<0.001) (Fig. 2) were significantly different. The bilirubin levels were also inversely associated with HWS, as in the CIMT results (Table 2) .
HWS was significantly positively correlated with CIMT (r=0.691, p<0.001). In addition, CIMT was significantly positively related to age (r=0.549, p<0.001), waist circumference (r=0.489, p<0.001), body mass index (BMI) (r= 0.295, p<0.001), uric acid (r=0.295, p<0.001), LDL (r= 0.179, p=0.018), GGT (r=0.186, p=0.020) and CRP (r= 0.320, p<0.001) and inversely related to the bilirubin levels (for total bilirubin, r= -0.296, p<0.001). HWS also exhibited similar relationships with these variables. The correlation between CIMT and FRS was poorer than that between HWS and CIMT. Additionally, FRS was significantly positively related to age (r=0.574, p<0.001), waist circumference (r= 0.325, p<0.001), BMI (r=0.237, p=0.001), uric acid (r= 0.266, p<0.001), LDL (r=0.515, p<0.001), GGT (r=0.310, p <0.001) and CRP (r=0.448, p<0.001) and inversely related to the bilirubin levels (for total bilirubin, r= -0.296, p< 0.001).
When we performed multivariate analyses to determine the independent predictors of CIMT, age, waist circumference, the levels of uric acid, bilirubin and gamma-glutamyl transpeptidase, the presence of a family history of CAD as †Linear and logistic regression (Backward LR) analyses with stepwise ethods were used for the ivariate analyses of independent variables, including age, HT, DM, history of s oking, fa ily history of CAD, dyslipide ia, BMI, waist circu ference, uric acid, LDL, Bilirubin, GGT and CRP, which were significantly different in the univariate analysis After excluding the irrelevant variables fro the odel, the linear and logistic regression analyses with enter ethod were perfor ed with the re aining significant variables and the obtained results were presented ‡ Model was perfor ed including hair whitening% in Model 1 The dependent variables were ean CIMT in the linear regression analysis and the presence of a carotid edial thickness of greater than in the logistic regression analysis; all other variables were independent variables CIMT : carotid artery inti a edia thickness, CAD: coronary artery disease, GGT : g agluta yltransferase, BMI : body ass index, OR : odds ratio, CI : confidence interval well as HWS were found to be independent predictors (Table 3, Model 1 and 2). When the study population was adjusted for FRS, HWS remained significantly associated with CIMT (Table 3 , Model 3). In our study, hair whitening was related to age, HT and bilirubin. However, when CIMT was included in the analysis, it was found to be the only independent predictor of HWS (Table 4) .
Discussion
In this study, we aimed to investigate the relationship between hair whitening intensity, which is a sign of biological aging in humans, and CVRFs in order to determine whether hair whitening is related to CIMT independent of chronological age and other CVRFs. Our findings suggest that premature hair whitening is independently related to CIMT, which represents general atherosclerotic vascular involvement.
Hypertension, DM, hypercholesterolemia, a family history of CAD and a history of smoking are known traditional coronary risk factors. In addition to age and male gender, several new CVRFs for atherosclerosis such as CRP have been recently proposed. Cardiovascular disease (CVD) is the leading cause of death worldwide, and the prevention and early detection of CVD are now the major aims of health care professionals.
B-Mode ultrasonographic assessment of CIMT is a useful technique for determining the presence of coronary atherosclerosis (2) . CIMT has been reported to be associated with traditional risk factors (3) and the frequency of cardiovascular events (4) . Recently, the assessment of CIMT has become widely used as a non-invasive approach in the diagnosis, treatment and follow-up of the extent of CAD and cardiovascular disease risks. No special conditions exist that preclude the assessment of CIMT, possibly other than carotid hypersensitivity. Screening for CVD should not be limited to merely determining the probability; ideally, it should detect early subclinical disease. CIMT is a more sensitive test than coronary angiography for detecting subclinical atherosclerosis in young to middle-aged patients for whom early identification and intervention would probably be most beneficial (28) . The goal of clinical medicine should not only be to treat disease, but also to prevent disease. The best noninvasive method to determine which patients may benefit from more aggressive CVD prevention strategies before the occurrence of adverse atherosclerotic events is CIMT measurement, which has also been advocated to be a clinical tool to add incremental information for CVD risk stratifica- (29) .
Hair follicles are one of the most complex units in the human body. Although graying and whitening of hair is understood to result from a loss of pigment in the shaft, the molecular and cellular bases of hair whitening are only partially understood. Hypotheses for the gradual loss of pigmentation include attenuation of enzymes involved in melanogenesis, impaired DNA repair, loss of telomerase, androgens, inflammatory processes, senescence of functioning cells and antioxidant mechanisms (5-10), all of which can be produced by CVRFs (11) . These proposed mechanisms can induce premature vascular aging and atherosclerosis. In prior studies, premature hair graying has also been reported to be associated with CVRFs (12-15), CAD and myocardial infarction (16) (17) (18) (19) (20) (21) (22) (23) . Lebon and coworkers, who noticed the association between premature graying and coronary artery disease (16) , performed the first study on this issue. Subsequent studies with various sample sizes have been performed in different patient populations, including black and white men and women with CAD or myocardial infarction (16) (17) (18) (19) (20) (21) (22) (23) . Several studies have shown an association between premature hair whitening and myocardial infarction. These studies are relatively outdated and have some methodological limitations, especially in determining the extent of CAD and the intensity of hair whitening. Therefore, there are conflicting reports in the literature. Schnohr et al. (20) published a report with data derived from the Copenhagen City Heart Study. The authors identified male pattern baldness, as well as hair graying and facial wrinkling, as risk factors for myocardial infarction. The authors, however, revoked their conclusions (21) . In a relatively new study by Miri ! et al., having moderately gray-hair yielded a significant relative risk of MI, but only in men under the age of 45 years (22) . Mansouri et al. investigated the relationship between premature hair graying as well as androgenic alopecia and CAD in women and demonstrated a significant association (23) . In most of these reports, age and other traditional risk factors were tested. However, the coexistence of several additional factors, such as CRP, although common in practice, was not properly taken in to account in these studies. In our study, CIMT was used to determine the presence of general atherosclerotic vascular involvement instead of using coronary angiography or a diagnosis of myocardial infarction. This is because, today, we know that coronary angiography has some methodological limitations in determining the exact extent of coronary atherosclerotic involvement and is not sensitive enough to detect subluminal diffuse coronary involvement. In the present study, independent, gradual increases in CIMT occurring in association with HWS were described for the first time. Our findings support and strengthen previous observations.
Although hair whitening in different ages is a very common phenomenon, the events that cause and control natural and pathological hair whitening in humans are not yet clear. Based on our study findings, we speculate that CVRFs may exert some negative effects on follicular epithelium and resident stem cell function similar to their effects on endothelium and progenitor stem cells in the vasculature and may therefore cause intensive hair graying, whitening or loss with progressive cell senescence. The mammalian hair follicle represents an unequaled, highly regenerative system that contains many different stem cells. Hair follicles undergo life-long cycles of rapid growth (anagen), regression (catagen) and resting periods (telogen). These transformations are controlled by changes in the local milieu based on changes in the activities of a number of cytokines, hormones and neurotransmitters (30) . CVRFs may exert some effects on the local milieu in hair follicles, thus depressing follicle function due to local reactions. While follicular cell dysfunction and cell apoptosis may cause hair whitening and loss (31) , these findings can simultaneously represent atherosclerotic effects due to the common mechanisms and individual host responses to CVRFs. If this hypothesis is correct, hair whitening may easily represent interactions between CVRFs and vascular aging. In our opinion, graying or whitening of the hair may represent premature atherosclerotic changes as a surrogate of the host response to the CVRFs.
No significant interactions between chronological age and HWS, independent of CIMT and other CVRFs, were found in our study, which may indicate that the relationship between CIMT and HWS has a specific importance in young persons (Table 4 , Model 2). In our study, an interesting finding was the independent association between HWS and CIMT. This finding suggests that hair whitening may represent a specific risk factor for the development of atherosclerosis, independent of chronological age, other traditional risk factors and FRS (Table 3 , Model 1, 2 and 3). As a risk marker, increased HWS may be important for atherosclerotic vessel involvement; however, at any given age, it is clear that the absence of gray hair does not prevent the appearance of CAD. On the other hand, in cumulative assessments of CVRFs in the human body, the presence of biological aging signs may be useful in identifying individuals with increased risks of cardiovascular disease.
Because premature hair whitening was found to be a cardiovascular risk factor independent of chronological age and other traditional CVRFs, it may be a marker of atherosclerosis that cannot be explained by traditional CVRFs and is predicted by FRS. In previous studies, a relationship between hair whitening and the incidence of MI or the presence of CAD has been demonstrated; however, premature hair whitening has not been studied in association with CIMT, which represents a general atherosclerotic burden. Therefore, premature hair whitening has not been determined to be an independent risk factor for the extent of atherosclerosis until now.
The role of the endothelium is beyond being a cell monolayer inside vessels. It has been recognized that novel parameters that represent endothelial health status independently predict all-vascular events. However, like many mature cell lines, endothelial cells and progenitor stem cells have limited reparative abilities, especially in pathological microenvironments produced by CVRFs. In our opinion, premature hair whitening may represent atherosclerotic involvement as a consequence of CVRFs and host responses to CVRFs because similar common reactions and similar host responses may be observed in hair follicles as well.
Our findings suggest that premature hair whitening, as well as age and other CVRFs, including waist circumference, BMI, uric acid, GGT and a family history of CAD, is independently related to general atherosclerotic burdens. Additionally, the bilirubin levels are negatively related with to both HWS and CIMT. Bilirubin's anti-inflammatory and anti-oxidant properties may mediate this effect (32) . Additionally, the uric acid, GGT and bilirubin levels have been found to be associated with CIMT in previous studies (33, 34) . On this aspect, our study provides a simultaneous overview of these risk factors as well as traditional CVRFs for CIMT. Cross-sectional studies have found associations between elevated CRP levels and both clinical cardiovascular events and subclinical atherosclerosis. However, in our study, CRP was not determined to be an independent factor for CAD and HWS.
The concept of measuring aging biologically rather than chronologically is important in clinical practice (35) . Biological age and its usage may be important for clinical physicians to determine a patient's total cardiovascular risk. Various skin conditions are considered to be characteristic markers for increased coronary disease risk. People exposed to different risk factors and environmental effects have individual responses, which can be determined by genetics and life habits. Classical risk scores such as FRS use the same parameters and chronological age for all patients; however, the use of biological age may be important in these calculations. Graying or whitening of hair and baldness are common signs of aging, which may play a role as indicators of the biological age of an individual. In the future, a useful scale may be introduced to predict biological age in clinical practice. Currently, physicians use their individual judgment to determine biological age; however, in our opinion, a generally accepted scale is needed for this purpose. In addition, it is possible that we could learn more about the pathophysiology of atherosclerosis by investigating causative genetic and environmental factors that determine premature hair whitening.
In our study, the study population consisted of patients with known CVRFs, which may have produced a relatively higher risk population than age-and gender-matched individuals, and this selection bias is likely to affect the predictive power of FRS and HWS components for CIMT measurements. Therefore, this is a limitation of our study.
Conclusion
In conclusion, our findings suggest that increases in CIMT, which represents general atherosclerotic vascular involvement, are positively correlated with HWS independent of chronological age and other CVRFs. In cumulative assessments of CVRFs in the human body, the presence of premature hair whitening may be useful in identifying individuals with an increased risk of cardiovascular disease. Further studies are needed to clarify how hair graying or whitening represent a host response to CVRFs via possible functioning of cell interrelations in the vasculature. Premature hair whitening may be considered to be a marker of subclinical atherosclerosis.
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